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Generally, concerning the susceptibility of plants to B deficiency, many studies are published relating not only to "boron-intensive species of crops", but also to genotypic differences within a species (BERGMANN, 1992; MENGEL and KIRKBY, 2001 ). However, response of maize genotypes to B nutrition is not well documented in literature. The objectives of this study were 1) to investigate genotypic differences among nine female inbred lines used in seed production for boron concentration in ear-leaf and grain, as well as for grain yield and moisture in a three-year experiment and 2) to determine response and relations among the traits when four of the female inbred lines are treated by foliar boron fertilization.
MATERIALS AND METHODS

Field experiment
Nine inbred lines -female parents of maize hybrids developed by the Agricultural Institute Osijek were grown during three growing seasons (2006) (2007) (2008) on experimental field of Agriculture Institute Osijek. Maize was planted at the end of April /beginning May by planters on interrow spacing 70 cm and distance in row 22 cm. Two seeds were sown on each sowing place. At 3-5 leaf stages maize crop was thinned and one plant in each sowing place was leaved (plant density = 64936 plant ha -1 ). The experiment was conducted in four replicates (basic plot 28 m 2 or four 10-m long rows).
In third year of testing (2008), based on differences in boron uptake , four inbred lines were selected for testing of their response to foliar fertilization with boron (Table 3) . Foliar spraying was made with 0.5% solution of Solubor (17.5% B) in three terms as follows: -June 18 (stage of 8-12 leaves), June 27 (stage of 10-14 leaves) and July 3 (before anthesis). Boron application was made by hand using back sprayer at evening hours.
Sampling,chemical and statistical analysis
Soil sampling of surface layer until 30 cm of depth (one average sample in level of experiment) was made by auger in October each year after harvesting. Plant available phosphorus and potassium were determined by ammonium-lactate extraction.
The ear-leaf at anthesis (middle of July: about twenty leaves in mean sample) and grain at maturity (ten cobs in mean sample) was taken for chemical analysis from each sub-plot. The total amount of boron in the leaf-and grain samples, after microwave digestion using concentrated HNO3+H2O2, was measured by the ICPAES technique by Jobin-Yvon Ultrace 238 ICP-OES spectrometer in the laboratory of the Research Institute for Soil Science and Agricultural Chemistry (RISSAC) of Hungarian Academy of Science and Arts in Budapest, Hungary.
The data were statistically analyzed by ANOVA and treatment means were compared using t-test and LSD at 0.05 and 0.01probability levels.
Description of the maternal parents of maize hybrids
B1 line belongs to the Iodent heterotic group of maize (JAMBROVIĆ et al. 2014) , FAO group 310, currently used as the female parent of the hybrid Os2983. It is tolerant to water deficit and high plant density. Our previous data indicated that the line yielded about 2 t ha -1 in seed production with no substantial deviations. B2 is the female parent of the flint hybrid Tvrtko 303 (KOVAČEVIĆ et al., 2013b) . B4 is the female parent of the hybrid OS 444 (KOVAČEVIĆ et al., 2013b) , FAO group 450, the line of the Lancaster heterotic group (JAMBROVIĆ et al., 2014) yielding about 1.5-2.5 t/ha. B5 belongs to the BSSS heterotic group, the female parent of the hybrid Os 494. It is high yielding in seed production but with considerable deviations. The line B6 is related to the line B3 and it is the female parent of the hybrid OSSK 552 (KOVAČEVIĆ et al., 2013b) . The dark green inbred line B7 belongs to the BSSS heterotic group and it is the female parent of the hybrid OSSK 596 (KOVAČEVIĆ et al., 2013b) , FAO 620. The lines B8 and B9 belong also to the BSSS heterotic group and they are the female parents of the hybrid OSSK 602, (FAO 620), and OSSK 644 (FAO 650), respectively, with low to average grain yield in seed production.
Soil characteristics
Experimental field of Osijek Agricultural Institute is classified as soil of A-C profile (eutric cambisol) favorable physical and chemical properties. Reaction of surface layer is neutral /slightly acid, low in organic matter and normal supplied with plant available phosphorus and potassium (Table 1) . 
Weather characteristics
Weather characteristics, particularly quantity and distribution of precipitation and airtemperatures are considerable factors of maize yield and yield variations among years. In general, lower precipitation and the higher air-temperatures in summer, especially in July and August, are in close connection with the lower yields of maize (MAKLENOVIĆ et al., 2009; MARKULJ et al., 2010; RASTIJA et al., 2012; MAJDANČIĆ et al., 2015) . With that regard, recent climatic change has mainly negative effects on global food production (PARRY et al., 2005; LOBELL and FIELD, 2007; SVEČNJAK et al., 2007; SIPOS et al., 2009; VIDENOVIĆ et al., 2013; KOVAČEVIĆ et al.. 2013a; RENGEL, 2011 RENGEL, , 2015 .
In contents in dry matter of maize leaves are adequate for normal maize growth (BERGMANN, 1992) . According to these criteria, leaf-B status from 8.8 to 58.1 mg B kg -1 in our study (Table 3) is adequate for maize.
Both growing season and genotype affected significantly on leaf-B status in maize. Under unfavorable weather conditions of the 2007 growing season (Table 2) average leaf-B concentration in maize was 19.7 mg B kg -1 or about twofold lower compared to values in remaining two growing seasons. Differences of leaf-B among genotypes (3-year averages) were from 14.7 (the line B2) to 46.9 (the line B4) mg B kg -1 and these differences were considerably higher than among years. In five genotypes, leaf-B concentrations were in range between 34 and 39 (average 36.9) mg B kg -1 , while in two genotypes between 22 and 29 (average 25.5 ) mg B kg -1 (Table 3 ). Significant differences for B status among maize inbred lines and their diallel crosses were also reported by KOVAČEVIĆ et al. (2001) for B-grain and among maize hybrids for B-leaf and B-grain (KOVAČEVIĆ et al., 2013b) , while BRKIĆ et al. (2015) reported about significant differences among 127 maize genotypes for B concentration in root. Grain-B was considerably lower compared to leaf-B status in maize (3-year averages 1.68 and 33.0 mg B kg -1 , respectively). Differences of average grain-B among years were nonsignificant, but differences among genotypes were from 1.20 (B2) to 2.06 (B4) mg B kg -1 . In two genotypes (the lines B4 and and B6) grain-B was above 2.0, while in four genotypes it was below 1.6 mg B kg -1 (the lines B5, B8, B9 and B2). Differences among B concentrations in level of year x genotype interaction were from 8.8 to 58.1 (leaf-B) and from 0.73 to 2.60 (grain-B) mg B kg No strong associations were found between B status in maize with yield because two the most divergent genotypes had similar yields (3-year averages 4.39 and 4.42 t ha -1 , for the B2 and B.4 lines, respectively), probably because B status in maize was in adequate levels. Across all three growing seasons, pooled correlations coefficients were moderate between the leaf-B and grain yield (r=0.41) and between the grain B concentrations and grain yield (r=0.44). No association was detected between the grain B concentrations and grain moisture (4=0.04). In experiment with B foliar fertilization performed with four genotypes, the lines B1 and B2 had considerably lower leaf-B concentrations (average 59.8 mg B kg . (Table  4) . However, the results indicate that foliar boron fertilization did not consistently affects grain yield due to non-significant difference between the two treatments. However, the inbred line B6 did respond on B fertilization having considerably higher yield when treated.
CONCLUSIONS
In the three-year experiment, highly significant differences among the nine female inbred lines used in seed production were detected for boron concentration in ear-leaf and grain as well as for grain yield and grain moisture. However, there were also significant effects of growing season and the genotype by environment interaction for all four traits. Positive and moderate correlations were found between the boron status in plant and grain yield. Foliar boron fertilization affected boron status in ear-leaf and grain but there was generally no effect on grain yield with the exception of only one female inbred line. Izvod Nedostatak bora (B) u kukuruzu može biti uzrokom pojavi jalovog klipa, jer svila ne može prihvatiti polen, a što je veoma značajno za majčinsku komponentu u proizvodnji semena. Predmeti ovoga rada bili su 1) u trogodišnjim istraživanjima (2006.-2008.) ustanoviti genetske razlike u koncentracijama bora u listu i zrnu, prinosima zrna i vlažnosti zrna, između devet majčinskih inbred linija koje se koriste u proizvodnji semena i 2) ustanoviti reakciju četiri odabrane linije na folijarno đubrenje borom -tri puta u 10-dnevnom u intervalu s 0.5% rastvorom Solubora (17,5% B) tokom jedne godine (2008.) . Istraživanja su provedena na oglednom polju Poljoprivrednog instituta Osijek, na tipu zemljišta eutrični kambisol. Ustanovljene su visoko signifikantne razlike između devet genotipova kukuruza u koncentracijama bora u listu ispod klipa tokom svilanja (od 14.7 do 46.7 mg B kg ).
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